Abstract. The objective of this study was to examine the effect of postactivation treatment with latrunculin A (LatA), an actin polymerization inhibitor, on in vitro and in vivo development of somatic cell nuclear transfer (SCNT) embryos derived from kidney fibroblasts of an aged Clawn miniature boar (12 years old). After electric activation, SCNT embryos were treated with 0, 0.5 or 1 μM LatA and cultured in vitro. The rate of blastocyst formation was significantly higher (P<0.05) in SCNT embryos treated with 0.5 μM LatA (38%) than those in control (14%). When cloned embryos treated with 0.5 μM LatA were transferred into the oviducts of two recipient miniature gilts to assess their development in vivo, both recipients became pregnant; one maintained pregnancy to term, and a live piglet (weighing 220 g) was delivered by Caesarean section. The results of this study indicated that the postactivation treatment with LatA was effective in improving in vitro developmental capacity of SCNT miniature pig embryos derived from kidney fibroblasts of an aged animal and that miniature pig cloned embryos treated with LatA had the ability to develop to term. Key words: Aged donor, Clawn miniature pig, Cytoskeletal inhibitors, Latrunculin A, Nuclear transfer (J. Reprod. Dev. 58: [398][399][400][401][402][403] 2012) C lawn miniature pigs (inbred strain) have a potential value for biomedical research and xenotransplantation due to their clear genetic background [1] [2] [3] and few individual differences; thus, they have stimulated investigation of novel strategies directed at generating a genetically modified miniature pig by somatic cell nuclear transfer (SCNT). We have shown how to produce live offspring derived from Clawn miniature pig SCNT embryos; however, the efficiency still remains low [4] . To date, pigs have been cloned with SCNT using donor cells derived from fetal pigs to pigs several years of age. The efficiency of SCNT is influenced by many factors, including quality of recipient oocytes, type of donor cells, reprogramming of donor nuclei and condition of recipient gilts [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . In particular, the diploid complement retention is one of the most important factors in improving the developmental ability of SCNT embryos [14, 15] . SCNT embryos derived from diploid cells are generally treated with cytoskeletal inhibitors, such as cytochalasin B (CB), after activation to prevent extrusion of a pseudo polar body (pPB) and the possible loss of chromosomes maintain normal ploidy [7, 16, 17] . Several reports have shown that CB treatment of SCNT embryos resulted in increased blastocyst formation in vitro [18] [19] [20] [21] . However, it has been reported that postactivation treatment with CB had no effect on either blastocyst rate or cell number of SCNT embryos [9, 22] . CB possess cytotoxicity [23] , and its cytotoxicity might have a detrimental effect on the subsequent development of SCNT embryos.
(J. Reprod. Dev. 58: 398-403, 2012) C lawn miniature pigs (inbred strain) have a potential value for biomedical research and xenotransplantation due to their clear genetic background [1] [2] [3] and few individual differences; thus, they have stimulated investigation of novel strategies directed at generating a genetically modified miniature pig by somatic cell nuclear transfer (SCNT). We have shown how to produce live offspring derived from Clawn miniature pig SCNT embryos; however, the efficiency still remains low [4] . To date, pigs have been cloned with SCNT using donor cells derived from fetal pigs to pigs several years of age. The efficiency of SCNT is influenced by many factors, including quality of recipient oocytes, type of donor cells, reprogramming of donor nuclei and condition of recipient gilts [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . In particular, the diploid complement retention is one of the most important factors in improving the developmental ability of SCNT embryos [14, 15] . SCNT embryos derived from diploid cells are generally treated with cytoskeletal inhibitors, such as cytochalasin B (CB), after activation to prevent extrusion of a pseudo polar body (pPB) and the possible loss of chromosomes maintain normal ploidy [7, 16, 17] . Several reports have shown that CB treatment of SCNT embryos resulted in increased blastocyst formation in vitro [18] [19] [20] [21] . However, it has been reported that postactivation treatment with CB had no effect on either blastocyst rate or cell number of SCNT embryos [9, 22] . CB possess cytotoxicity [23] , and its cytotoxicity might have a detrimental effect on the subsequent development of SCNT embryos.
Latrunculin A (LatA), a toxin purified from the Red Sea sponge Latrunculia magnifica, is a member of the cytoskeletal inhibitors, which inhibit the polymerization of actin as well as CB [24] . LatA affects the polymerization of pure actin, a major component of the cytoskeleton, in vitro in a manner consistent with formation of a 1:1 molar complex between LatA and G-actin [26] . LatA can bind specifically to G-actin and has no activity to block the barbed end of F-actin [25] . Recently, we have shown that postactivation treatment with LatA was effective in improving the developmental capacity of cloned miniature pig embryos derived from genetically modified fetal fibroblasts [27] . However, the efficacy of LatA treatment in other donor cell types and the ability of SCNT miniature pig embryos treated with LatA to develop into piglets remain unknown. Moreover, to our knowledge, there are no reports regarding birth of an SCNT piglet derived from aged animals such as genetically excellent breeding stock. The objective of this study was to examine the effect of postactivation treatment with LatA on in vitro and in vivo developmental ability of SCNT embryos derived from kidney fibroblasts of an aged Clawn miniature boar.
Materials and Methods
The methods for production of SCNT miniature pig embryos were largely based on those described before [27] .
In vitro maturation of oocytes
Ovaries were collected from prepubertal gilts at a local slaughterhouse and transported to the laboratory. The oocyte-cumulus complexes (COCs) were aspirated from the follicles (2-5 mm in diameter) of ovaries. After being washed twice with Hepes-TLP-PVA (Tyrode-lactate-pyruvate-polyvinyl alcohol) and the maturation medium, respectively, COCs with compact cumulus cells and evenly granulated ooplasm were used for the experiments. COCs (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) were cultured in a droplet of maturation medium (200 µl) under paraffin oil (Nacalai Tesque, Kyoto, Japan) in a polystyrene dish (35-mm: Becton Dickinson Labware, Oxnard, CA, USA) and cultured at 38.5 C in an atmosphere of 5% CO 2 in air. The maturation medium was TCM-199 with Earle's salts (Gibco, BRL, Grand Island, NY, USA) supplemented with 0.91 mM sodium pyruvate (Sigma-Aldrich Chemical, St. Louis, MO, USA), 3.05 mM glucose (Wako Pure Chemical Industries, Osaka, Japan), 0.57 mM cysteine hydrochloride hydrate (Sigma), 10 ng/ml epidermal growth factor (Sigma), 10 IU/ml eCG (ASKA Pharmaceutical, Tokyo, Japan), 10 IU/ml hCG (ASKA), 100 µg/ml amikacin sulfate (Meiji Seika, Tokyo, Japan) and 10% (v/v) pig follicular fluid. Pig follicular fluid was pooled and centrifuged to remove granulosa and blood cells (1,500 g for 30 min at room temperature) after removal of oocytes. Cell-free pig follicular fluid was filtered with 0.8 μm, 0.45 μm and 0.2 μm membrane filters (Advantec Toyo, Tokyo, Japan), respectively, and stored at -20 C until use [28] . After 40-42 h of maturation culture, cumulus cell masses were removed by pipetting with 0.1% (w/v) hyaluronidase (Sigma). Oocytes with a polar body (PB) were used for experiments.
Preparation of kidney fibroblasts for SCNT
A primary kidney fibroblast cell line was established from light kidney tissues of a Clawn miniature boar (12 years old) that was euthanized due to astasia resulting from senility. The cortex of kidney was cut into small pieces and washed 4 times with Dulbecco's phosphate buffered saline. Single cell suspensions were produced by treatment with 0.2% (w/v) trypsin (Sigma) overnight at 4 C. After trypsinization, cell suspension was centrifuged at 1,200 rpm for 5 min, and cells were resuspended in Eagle's MEM (Nissui Pharmaceutical, Tokyo, Japan) supplemented with 20% (v/v) fetal calf serum (FCS; Equitech Bio, Kerrville, TX, USA) and 50 μg/ml amikacin sulfate and cultured under 5% CO 2 in air at 37 C. After reaching confluence, cells were passaged several times using Eagle's MEM supplemented with 10% (v/v) FCS and 50 μg/ml amikacin sulfate. At SCNT, cells were allowed to grow to confluency, and culture was continued for an additional 5-6 days without a change of medium. A single cell suspension was prepared by standard trypsinization immediately prior to nuclear transfer. The cells were used as donors for nuclear transfer up to passages 6-7 of culture.
Activation
In vitro matured oocytes in groups of 30 were washed twice with activation medium, which consisted of 250.3 mM sorbitol, 0.1 mM Ca(CH 3 COO) 2 , 0.5 mM Mg(CH 3 COO) 2 , and 1 mg/ml BSA, and then placed between two wire electrodes (1 mm apart) of a chamber slide filled with activation medium. Direct-current pulses of 100 V/mm were applied once to the fused embryos for a duration of 50 μsec using an LF101 fusion machine (Nepa Gene, Chiba, Japan). After activation, oocytes were transferred into 50 μl of developmental medium (DM; modified PZM-3) [4] supplemented with 0, 0.5 or 1 μM LatA and incubated for 2 h under 5% CO 2 , 5% O 2 , and 90% N 2 at 38.5 C. Then the oocytes were transferred into 50 μl of DM. After four days of culture, the oocytes were then cultured in 50 μl of DM plus 10% (v/v) FCS for further development in vitro.
Nuclear transfer
After treatment of in vitro matured and denuded oocytes with 0.5 μg/ml demecolcine (Sigma) and 0.02 M sucrose for 0.5-1 h [27] , the cytoplasmic protrusion and first PB were removed by aspiration with a 15-μm inner diameter glass pipette. After enucleation, a single donor cell was inserted into the perivitelline space of each oocyte using the same glass pipette. Membrane fusion of the cytoplast and donor cell was induced by applying a single direct-current pulse using an LF 101 Fusion Machine. Following the fusion pulse, cell-oocyte complexes were cultured for 2 h in 100 μl of DM until activation. Fusion was determined by microscopic examination at 1.5 h after applying the pulse. Fused couplets were activated as described above. After activation, reconstructed embryos were transferred into 50 μl of DM supplemented with 50 nM trichostatin A (TSA, Sigma, DM-TSA) and 0, 0.5 or 1 μM LatA and incubated for 2 h under 5% CO 2 , 5% O 2 , and 90% N 2 at 38.5 C. Then the embryos were transferred into 50 μl DM-TSA and further cultured for 22 h. After incubation, embryos were further cultured in 50 μl DM. After 4 days of culture, the embryos were then cultured in 50 μl DM supplemented with 10% (v/v) FCS.
Assessment of embryo development in vitro
Embryos were assessed for cleavage and blastocyst formation ( Fig. 1 ) at 2 and 6 days of culture, respectively. At the end of culture, embryos were placed on slides with a drop of mounting medium [glycerol and PBS (9:1) containing 100 µg/ml Hoechst 33342 (Sigma)]. A cover slip was placed on top of embryos, and the edges were sealed with nail polish. The number of nuclei was counted under ultraviolet (UV) light. Embryo having more than 32 nuclei was considered to be blastocyst.
Transfer of embryos
Two female Clawn miniature pigs, aged 7 and 15 months, were used as recipients. The recipients received a natural service and were aborted on Day 23 after service by two intramuscular injections (12 h interval) of 100 µg/ml cloprostenol (Nagase Medicals, Hyogo, Japan). Then estrus was induced in the recipients by intramuscular injection of 250 IU eCG followed by 500 IU hCG 72 h later. Transfer of embryos was performed using general anesthesia through a midline incision 31 h after hCG injection as described in a previous study [28] . Morphologically normal embryos (1 or 2-cell stage) were selected and surgically transferred into both sides of oviducts of the recipients.
Microsatellite marker analysis
Genomic DNA was extracted from the umbilical cord of the piglet, donor cells and the uterine tissue of the recipient gilt using a DNeasy Total DNA kit (Qiagen, Chatsworth, CA, USA). We genotyped 11 microsatellite markers, SWR1941, S0038, S0091, SW2108, SW1434, SW2494, SW1378, TNFB, SW1954, SWR153 and S0227, on the USDA swine linkage maps [29] . PCR was performed in a 20 μl reaction mixture containing 0.5 units of AmpliTaq Gold DNA polymerase (Applied Biosystems Japan, Tokyo, Japan), 0.2 mM of each dNTP, 0.5 μM of each primer pair and 20 ng genomic DNA. The reaction step, preceded by an initial heat denaturation step at 94 C for 10 min, was 30 cycles of 94 C for 30 sec, 55 C for 30 sec and 72 C for 30 sec and was followed by a final elongation step at 72 C for 5 min. Amplified DNA fragments were electrophoresed using an ABI 3100 genetic analyzer. The genotypes were analyzed with software (Applied Biosystems).
Statistics
The results are presented as means ± standard error of mean (SE). All percentage data were transformed to arcsine. The transformed values and number of cells in blastocysts were assessed by one-way analysis of variance followed by Fisher's Protected Least Significant Difference test as the post hoc test; a P value less than 0.05 was considered to be statistically significant.
Experimental designs
Experiment 1: This experiment was carried out to examine the effect of LatA treatment on parthenogenetic development of oocytes. After activation, oocytes were cultured for 2 h in medium supplemented with or without LatA (0, 0.5 or 1 μM). At 10-12 h of culture, the oocytes were mounted, fixed for 72 h in 25% (v/v) acetic acid in ethanol at room temperature, stained with 1% (w/v) orcein in 45% (v/v) acetic acid and examined for PB extrusion and pronuclear formation under a Nomarski differential interference microscope (Nikon, Tokyo, Japan). Oocytes with a pronucleus were regarded as activated oocytes. This experiment was repeated 4 times. Experiment 2: This experiment was carried out to examine the development potential of oocytes activated under the same condition as those in experiment 1. After activation, oocytes were cultured for 2 h in medium supplemented with or without LatA (0, 0.5 or 1 μM). Following postactivation treatment, oocytes were cultured in DM for further development. This experiment was repeated 4 times. Experiment 3: This experiment was carried out to examine the effect of LatA treatment on in vitro development of SCNT embryos. After activation, SCNT embryos were cultured for 2 h in medium supplemented with or without LatA (0, 0.5 or 1 μM). Following postactivation treatment, SCNT embryos were cultured in DM for further development. This experiment was repeated 3 times.
Experiment 4: This experiment was carried out to examine the in vivo developmental ability of SCNT embryos treated with 0.5 μM LatA. After activation, SCNT embryos were cultured for 2 h in medium supplemented with 0.5 µM LatA. Following postactivation treatment, SCNT embryos were cultured in DM plus 50 nM TSA for 24 h and transferred to a recipient. Pregnancy diagnosis was carried out using an ultrasound scanner every 4 weeks after embryo transfer.
Results

Experiment 1
As shown in Table 1 , there was a significant difference (P<0.05) in the rates of activated oocytes without a second PB between with or without LatA treatment. However, the rates of activated oocytes did not differ among the experimental groups.
Experiment 2
As shown in Table 2 , the cleavage rate and blastocyst formation rate with parthenogenetic development of oocytes were significantly higher (P<0.05) in those exposed to LatA than in embryos that were not treated (control) with LatA. However, the mean cell number of blastocysts did not differ among the experimental groups.
Experiment 3
The fusion rate of SCNT embryos reconstituted with kidney fibroblasts was 75.8% in this study. As shown in Table 3 , the cleavage rate and mean cell number of blastocysts did not differ among the experimental groups. However, the rate of blastocyst formation was significantly higher (P<0.05) in SCNT embryos exposed to 0.5 μM LatA than in embryos that were not treated (control) with LatA.
Experiment 4
As shown in Table 4 , 108 and 106 cloned embryos were transferred into the oviducts of two recipient gilts. Both recipients became pregnant as determined by ultrasound at 28 days after transfer. One of them maintained pregnancy to term, and a male piglet was delivered via Cesarean section 112 days after embryo transfer. The piglet weighed 220 g and showed normal morphology. Genetic analysis confirmed that the piglet was identical to the cell line used for nuclear transfer at all 11 polymorphic microsatellite loci examined (Table 5 ). In addition, the piglet lacked any alleles detected in the recipient gilt at 4 loci, confirming that the recipient made no genetic contribution to the piglet. Furthermore, 5 implantation sites were detected in uteri. The other recipient gilt aborted at midgestation, and no piglet was obtained at 113 days after transfer. 
Discussion
The results of this study showed that postactivation treatment with LatA effectively inhibited the extrusion of a second PB of pig oocytes matured in vitro and resulted in improvement of in vitro development both in pig parthenotes and cloned miniature pig embryos derived from kidney fibroblasts of an aged donor. In addition, this study showed that miniature pig SCNT embryos treated with LatA could develop to term.
The diploid complement retention is one of the most important factors that directly affect the developmental ability of SCNT embryos receiving donor cells [15] . In the case of normal fertilization, mature oocytes are activated by entry of sperm into the oocytes and extrusion of half of the chromosomes as a PB. This is essential for normal development of fertilized oocytes. In general, diploid parthenotes are usually obtained by inhibiting second PB extrusion with cytoskeletal inhibitors such as CB after the activation of metaphase-II oocytes [30] . In this study, treatment with LatA was effective in inhibiting extrusion of the second PB in parthenogenetic activation of oocytes and culminated in diploid oocytes. Moreover, the rates of cleavage and blastocyst formation of parthenotes treated with LatA were significantly higher than in the control. Therefore, it is suggested that the LatA treatment was effective in inhibiting extrusion of a pPB in SCNT embryos after artificial activation. The loss of chromosomes by pPB formation is thought to be the cause of developmental failure of SCNT embryos, and in porcine SCNT technology, CB has been widely used to prevent extrusion of a pPB, which contains half of the chromosomes of a donor cell at postactivation, reducing the aneuploidy leading to false development of SCNT embryos [15, 31, 32] . In the present study, the rate of blastocyst formation of SCNT embryos treated with LatA was significantly higher than that of the control. This is consistent with a previous study showing that postactivation treatment with LatA was effective in improving the in vitro developmental capacity of cloned miniature pig embryos derived from genetically modified fetal fibroblasts [27] . Moreover, LatA treatment did not appear to have any detrimental effect on the morphology of early SCNT embryos. In porcine SCNT embryos, 10.4-35.5 μM (2.2-7.5 μg/ml) of CB has been used to inhibit extrusion of a pPB [21, [34] [35] [36] . However, LatA treatment effect like CB was provided by low density a little less than 20 times from 10 times in this study. In addition, the effects of LatA on actin filaments are approximately 10-100 times more potent than that of cytochalasins [26] . It appears that the LatA treatment was effective in inhibiting extrusion of a pPB in SCNT embryos at a lower concentration than that used for CB treatment; thus, LatA has lower cytotoxicity in SCNT embryos.
On the other hand, actin is a major component of the cytoskeleton. Polymerization and depolymerization of actin filaments is important for oocyte maturation, fertilization and embryonic development [33] . It has been pointed out that both the appropriate inhibition of pPB extrusion and faster reorganization of cortical F-actin are essential for the normal development of SCNT embryos [21] . Unlike CB, LatA can bind specifically to G-actin and has no activity to block the barbed end of F-actin [25] . In addition, it was also reported that the LatA effect of cytoskeletal inhibition in mammalian cells was inactivated within 1 h when the cells were placed in fresh medium without LatA [24] . Thus, we consider that this rapid reorganization of cortical actin appears to have contributed to improvement of the blastocyst formation rate of SCNT embryos.
We showed that SCNT embryos treated with LatA could develop into a piglet. Pregnancy was detected in both recipients on day 28 after embryo transfer in this study, and a live piglet was born after transfer of LatA-treated SCNT embryos. Although the embryo transfer experiment was limited, this is the first report of a cloned miniature piglet obtained from SCNT embryos treated with LatA. This finding supports our previous study [27] showing that postactivation treatment with LatA was effective in improving the fetal development of SCNT embryos.
To date, pigs have been produced by SCNT techniques using donor cells derived from fetuses and young pigs [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The use of pig kidney fibroblasts as donor cells for SCNT experiment has been reported by several investigators [8, 10, 37] . However, to our knowledge, we produced the first cloned miniature piglet derived from kidney cells of an aged adult. The production of SCNT animals has often been regarded as having potential for conserving strains of valuable species. Therefore, this study indicates the feasibility of conserving the Clawn miniature pig strain by an SCNT procedure using aged animals. Since the cloned miniature pig was born using donor cells of an aged boar, we will carefully monitor growth and function of the cloned offspring.
In conclusion, we found that postactivation treatment of SCNT embryos with LatA resulted in good developmental rates. Thus, postactivation treatment of SCNT embryos with LatA would be one of the key factors that determine cloning efficiency in miniature pigs.
